Study Design: Observational. Purpose: To develop a simple and comprehensive grading system for cervical discs that precisely, consistently and meaningfully presents radiologic and morphologic data. Overview of Literature: The Thompson grading system is commonly used to classify the severity of degenerative lumbar discs on magnetic resonance imaging (MRI). Inherent differences in the morphological and physiological characteristics of cervical discs have hindered development of precise classification systems. Other grading systems have been developed for degenerating cervical discs, but their versatility and feasibility in the clinical setting is suboptimal. Methods: MRIs of 46 human cervical discs were de-identified and displayed in PowerPoint format. Each slide depicted a single disc with a normal (grade 0) disc displayed in the top right corner for reference. The presentation was given to 25 physicians comprising attending spine surgeons, spine fellows, orthopaedic residents, and two attending musculoskeletal radiologists. The grading system included Grade 0 (normal height compared to C2-3, mid cleft still visible), grade 1 (dark disc, normal height), grade 2 (collapsed disc, few osteophytes), and grade 3 (collapsed disc, many osteophytes). The ease of use of the system was gauged in the participants and the interobserver reliability was calculated. Results: The intraclass correlation coefficient for interobserver reliability was 0.87, and 0.94 for intraobserver reliability, indicating excellent reliability. Ninety-five percent and 85 percent of the clinicians judged the grading system to be clinically feasible and useful in daily practice, respectively. Conclusions: The grading system is easy to use, has excellent reliability, and can be used for precise and consistent clinician communication. 
Introduction
Cervical disc degeneration is commonly associated with neck pain and radiculopathy in adults. It imposes a significant socioeconomic burden in terms of lost productivity, wages and increased health care expenditures [1] . Early detection and implementation of preventive measures can potentially delay the degenerative process and lessen the severity of the morbidity and socioeconomic burden [1, 2] .
Magnetic resonance imaging (MRI) can identify disc degeneration in the early stages and is the most accurate method used to assess disc integrity in the clinical setting. MRI visualizes disc hydration and morphology primarily based on proton density and water content. Normal intervertebral discs have a nucleus pulposus with high water and proteoglycan content that is depicted by a brighter signal on both T1-and T2-weighted MRI compared to the annulus and end plates. There is often a horizontal cleft of low signal intensity cells in the mid-substance of the nucleus pulposus in the middle of the nucleus pulposus. This is a normal finding in healthy and hydrated adult discs [3] . The fibers of the annulus fibrosus have a lower water and proteoglycan content, and emit a lower and darker signal. Disc degeneration is characterized by a progressive loss of water and proteoglycan content that leads to a decrease in the T2-weighted signal of the nucleus pulposus, which attenuates the sharp distinction between the nucleus pulposus and the surrounding annulus fibrosus. As the degenerative process continues, the disc becomes increasingly more desiccated and begins to lose its height. In its final stages, the disc is severely compromised and osteophytes develop between the neighboring vertebral bodies secondary to changes in the normal biomechanical weight bearing forces.
Although most grading systems are subjective and susceptible to observer bias, standardized nomenclature is necessary to facilitate accurate and consistent comparison of data obtained from various investigations. The Thompson grading system is commonly used to classify the severity of degeneration of lumbar intervertebral discs based on MRI [4] . However, because of the inherent differences in the morphological and physiological characteristics of cervical discs compared to lumbar discs, more accurate systems are needed to aid in the description of intervertebral discs. Other grading systems have been developed for degenerating discs in the cervical spine [5] [6] [7] , but their feasibility and reproducibility in the clinical setting is debatable.
A good classification system should allow for the presentation of data in an accurate manner to facilitate effective clinician communication so that appropriate and timely patient care is executed. The objective of this study is to demonstrate a simple, yet comprehensive grading system for cervical intervertebral discs capable of facilitating the presentation of radiologic and morphologic data in a precise, consistent, and meaningful manner.
Materials and Methods
Following approval by our Institutional Review Board (0306032), the cervical spine MRI data of the last 100 patients scanned at our outpatient facility were collected and de-identified. MRI data comprised an equal number of young (20-45 years of age), middle aged (45-65 years), and elderly (>65 years) adults, and an equal number of males and females. Patients under 21 years of age, those with obvious non-degenerative pathology, and those with postsurgical changes were excluded.
De-identified MRI data of 46 human cervical discs were and presented in PowerPoint format on a CD. T1 weighted MRI data were used. Each slide depicted a single disc with a normal (grade 0) C2-3 disc displayed in the top right corner for reference. CDs containing the PowerPoint presentations were given to 10 attending orthopaedic spine surgeons, three fellows, 10 residents, and two musculoskeletal radiology attending physicians. The grading system comprised grade 0 (normal height compared to C2-3, with or without a cleft in the nucleus pulposus), grade 1 (dark disc, with normal height), grade 2 (collapsed disc, little or no osteophytes), grade 3 (collapsed disc, many osteophytes) (Fig. 1) . The presentation was given three times in 4 week intervals. A short survey regarding ease of use was conducted.
As with most classification systems, the differentiation between grades 2 and 3 (minimal versus many osteophytes) is based on the clinician's impression. This further supports the need to evaluate the reliability of classification systems as well as their practicality in a busy clinical setting. Assessment of the reliability of our cervical disc degeneration classification system was determined using the intraclass correlation coefficient (ICC) for oneway random average measures using Predictive Analytics SoftWare Statistics ver. 20.0 (SPSS Inc., Chicago, IL, USA). ICC was calculated for both intraobserver and interobserver reliability; 0-0.2 indicated poor agreement, 0.3-0.4 indicated fair agreement, 0.5-0.6 indicated moderate agreement, 0.7-0.8 indicated strong agreement, and >0.8 indicated excellent agreement. Clinician assessment of the classification system was reported in percentages.
Results
The average ICC for interobserver reliability was 0.87 (average range, 0.81-0.93) and 0.94 (average range, 0.9-0.98) for intraobserver reliability, which indicated excellent reliability for both. Ninety-five percent of the clinicians involved reported that this grading system was easy to use. Eighty-five percent indicated that they would begin using this grading system in their clinical practice.
Discussion
A good classification system allows for the presentation of data in an accurate manner to facilitate effective clinician communication so that appropriate and timely patient care is provided. Many lumbar intervertebral disc grading systems are commonly used for grading discs throughout the spine. However, because cervical discs have inherent differences in morphology and function, grading systems specifically designed for cervical discs are required to facilitate clear and accurate communication.
While most grading systems are based on lumbar intervertebral discs, published systems have been specifically developed for cervical discs. The feasibility and reproducibility in the clinical setting is debatable. The objective of this study, therefore, was to demonstrate a simple, yet comprehensive grading system for cervical intervertebral discs capable of facilitating the presentation of radiologic and morphologic data for clinical and research purposes.
The first objective grading system was developed to investigate the effect of disc degeneration on flexibility [8] . The system was based on changes in the disc height compared to adjacent discs, extent of osteophyte formation, and presence of endplate sclerosis. The numerical scale ranged from 0 (normal) to very severe (<25% disc height). Each disc was given a score based on the sum of points from each category with grade 1 being 0 to 1.5 points and grade 4 exceeding 6 points. The goal of this system was to avoid the use of subjective terms like "mild", "moderate", or severe". The system proved cumbersome and impractical in a busy clinical practice.
Pfirrmann et al. [9] developed a classification system based on Thompson's system for lumbar intervertebral disc degeneration. He reported substantial-to-excellent intraobserver and interobserver agreement. Sorensen proposed a grading system for lumbar disc and muscle degeneration using low-field MRI and reported fair to moderate interobserver agreement and almost perfect intraobserver agreement [10] . Christe et al. [5] used MRI to assess cervical disc degeneration by looking at four features (osteophytes and/or disc narrowing, disc prolapse, annular tears, and decrease in signal intensity). The author's claim of good reliability has not yet been substantiated.
Although grading systems for intervertebral discs have been proposed for years, more recent attention has been placed on measuring and increasing the reproducibility of these systems. The ICC or the Kappa (ĸ) value is acceptable for measuring both the inter-and intraobserver reliabilities. A ĸ-value of <0.00 is interpreted as no agreement, 0.01 to 0.20 as slight agreement, 0.21 to 0.40 as fair agreement, 0.41 to 0.60 as moderate agreement, 0.61 to 0.80 as substantial agreement, and >0.81 as almost perfect agreement [11] .
A grading system for cervical discs based on the inten- sity of the nucleus pulposus signal, degree of disc prolapse, and adjacent vertebral bone marrow signal has been developed [6] . The system includes 12 possible grades (grades A through L). The ĸ-value for the interobserver reliability of their grading system was reportedly 0.45 (moderate agreement), but it is unlikely to be a practical clinical tool for routine use. Another proposed classification system for cervical intervertebral discs has a specific focus on improving both the reliability and feasibility of a new grading system for routine clinical use. The system is based on the signal intensity and structure of the nucleus pulposus, the distinction between the nucleus and the annulus fibrosus, and the height of the disc. The reported ĸ-values for intraobserver and interobserver reliability averaged 0.93 and 0.78, respectively [7] . The system is less demanding than others previously proposed in the literature, but is still quite involved.
The classification system presented in this paper is objective, comprehensive, simple to use, and reproducible. It is based on the biological progression of disc degeneration. The normal healthy disc is well hydrated with a clear distinction between the nucleus pulposus and the annulus fibrosis on MRI (grade 0: normal height compared to C2-3, with or without a cleft in the nucleus pulposus). As the disc becomes progressively more desiccated, loss of heterogeneity between the nucleus pulposus and the annulus fibrosus occurs, which gives the disc a homogenously dark appearance (grade 1: dark disc, with normal height). As desiccation continues, the disc begins to lose its ability to withstand compressive forces and begins to lose its height (grade 2: collapsed disc, little or no osteophytes). This is followed by the progressive development of osteophytes secondary to the change in the normal biomechanical contact forces between adjacent vertebrae, with many osteophytes indicating longstanding degenerative changes (grade 3: collapsed disc, many osteophytes).
This classification system demonstrated an ICC of 0.87 and 0.94 for interobserver reliability and intraobserver reliability, respectively. Both indicated excellent reliability. Ninety-five percent of the clinicians who participated in the study felt that this grading system was simple and easy to use in a busy clinical practice. Eighty-five percent indicated that they would start to use this grading system in their practice. These results are the highest values that we could find in the literature.
There are a few limitations of this study. Only 46 discs were used and were presented in the form of a PowerPoint presentation on a CD. Twenty-five blinded physicians participated in the grading process and the presentation was given only three times. This does exceed what is usually found in the literature, but larger numbers with more frequent trials could have strengthened our findings. Lastly, the presentation was distributed on CDs, so the resolution of the images displayed could vary depending on the computer it was viewed on.
Conclusions
The presented grading system is easy to use, has excellent interobserver reliability, and can be used to facilitate communication between medical professionals in a precise, consistent, and meaningful manner.
